A 60-year-old woman with systemic sclerosis (SSc) was admitted because of severe anemia and Raynaud's phenomenon. Her anemia was associated with a low serum haptoglobin level and positive results of direct Coomb's tests, which indicated the presence of autoimmune hemolysis. Other laboratory investigations revealed positive anti-nuclear antibodies, anti-topoisomerase antibody, cold agglutinins, as well as low serum levels of IgM, C3, C4 and CH50. Bone marrow aspiration showed discrete hyperplasia of the erythropoietic system. She was diagnosed as low-titer cold agglutinin disease rousing secondarily to SSc. The anemia was alleviated with the oral administration of prednisolone. This case emphasized, in terms of pathogenesis, the close association between systemic rheumatic diseases and hematological abnormalities evoked by autoimmunity. (Internal Medicine 43: 139-142, 2004) 
Introduction
Cold agglutinin disease (CAD) is a type of autoimmune hemolytic anemia (AIHA), in which, cold agglutinins, the autoantibodies against erythrocyte carbohydrate antigens, play pathogenic roles (1, 2) . At decreased ambient temperatures, cooling of the peripheral circulation allows binding of the cold agglutinins to erythrocytes, which is responsible for the symptoms of peripheral intravascular hemagglutination with cold-induced pallor and acrocyanosis (1) (2) (3) . Complement activation by IgM cold agglutinins causes hemolytic anemia (4) . We herein describe a rare case of low titer CAD rousing in a patient suffering from SSc, who presented with anemia, acrocyanosis and Raynaud's phenomenon on cold exposure. She was successfully treated with noncytotoxic agents, although her manifestations of anemia were serious.
Case Report
A 60-year-old woman with SSc was admitted to our hospital in Feburary 2002 because of serious anemia, acrocyanosis and Raynaud's phenomenon on cold exposure. She had been diagnosed as having SSc from the pathological findings of a skin biopsy in 1995, and had been taking daily 10 mg oral prednisolone for the pulmonary fibrosis and skin involvements. Although her condition had been well controlled for years, in the winter of 2002, her Raynaud's phenomenon worsened initially as the ambient temperature went down. Then acrocyanosis appeared with the further exacerbation of Raynaud's phenomenon. On admission, a physical examination revealed blood pressure 110/60 mmHg and heart rate 120/minute. A chest X-ray showed a slight fibrotic change of both lungs, and an abdominal sonography revealed a mild hepato-splenomegaly. The laboratory findings (Table 1 ) revealed severe anemia with reticulocytosis. Other abnormal results included elevated serum level of LDH (isozyme 1, 2 dominant), indirect bilirubin, and aldolase. The serum concentration of IgG, IgA and ferritin were normal, whereas those of IgM, C3, C4, CH50, and haptoglobin were low. The anti-nuclear antibodies were positive (titer 1 : 320) with homogenous and speckled patterns, which were negative (1 : 64) before the exacerbation of her disease. Simultaneously, serum anti-topoisomerase antibodies were higher than they were before the exacerbation, whilst the anti-double-strand DNA antibody, anti-RNP antibody, and anti-SM antibody remained negative. The cold agglutinins were positive at a titer of 1 : 256 at a temperature of 25°C. The serological tests were negative for mycoplasma, Epstein-Barr virus, and cryoglobulins. Both direct and indirect Coomb's tests were positive. The former was positive with anti-C3b and anti-C3d, and negative with anti-IgG antisera. Serum agarose electrophoresis with immunofixation revealed the absence of monoclonal immunoglobulins (M-components). Bone marrow aspiration ( Fig. 1) showed discrete hyperplasia of the erythropoietic system but revealed no signs of a lymphoproliferative disorder. The cold agglutinin was assumed to be I-specificity, because the antibody reacted more strongly with adult erythrocytes than with umbilical cord red blood cells. After adsorption of the unwanted cold agglutinins with the formaldehyde-treated rabbit blood cells, an indirect Coomb's test became negative. Therefore, we made a diagnosis of CAD, associated with SSc.
For the treatment, first of all, her room temperature was kept at approximately 30°C. We prescribed methylprednisolone 60 mg/day, Fe 50 mg/day, and folic acid 15 mg/day for three weeks, and her serum hemoglobin level increased to 9.0 g/dl. After tapering the corticosteroid therapy over 10 weeks to methylprednisolone 20 mg/day, her serum hemoglobin level increased to 13.6 g/dl with decreased reticulocytes (57/1,000) and normalization of her serum haptoglobin level, 111 mg/dl (Fig. 2) . The cold agglutinins became negative (titer 1 : 4) at a temperature of 25°C. Subsequently, the acrocyanosis and Raynaud's phenomenon disappeared.
Discussion
Cold agglutinin syndrome is a hemolytic disorder characterized by the production of antibodies directed against specific antigens on the red blood cell membrane (5) . Most cold agglutinins are IgM (6) , although in rare cases IgA and IgG have been recorded (7) . These antibodies are commonly directed against the I or i antigens on the red blood cell membrane (5) and in the majority of cases with CAD, cold agglutinins have the I-antigen specificity. Cold agglutinin is assigned I-specificity when the antibody reacts more strongly with adult erythrocytes than with umbilical cord red blood cells; conversely, i-specificity occurs when the cold agglutinin reacts more strongly with cord cells than with adult cells (8) . Furthermore, adsorption by formaldehyde-fixed rabbit red cells is useful for detecting alloantibodies (anti-I, H and IH) in patients whose serum contains strong cold autoagglutinins and who have recently been transfused or have a low hematocrit (9) . When we adsorbed the unwanted cold agglutinins by this technique, an indirect Coomb's test was negative. Considering all the results, the cold agglutinin antibodies in the present case seemed to be polyclonal IgM with anti-I specificity.
There are two types of cold agglutinins: monoclonal and polyclonal antibodies (2, 10) . Monoclonal antibodies are mostly found in patients with the "idiopathic" form or chronic CAD or with proliferative B-cell diseases. The "idiopathic" form is assumed to be far more common than the "secondary" form. Polyclonal antibodies are associated with the "secondary" form in the setting of an infectious disease, especially that caused by mycoplasma pneumoniae, or malignant non-Hodgkin lymphoma. These polyclonal forms are usually of a benign, transitory nature with low cold agglutinin titers (10) .
Patients with CAD may experience severe discomfort during cold weather, with severe Raynaud-like symptoms and exacerbations of the hemolytic anemia. In this situation, hemolysis can occur as part of CAD, which may be accompanied by acrocyanosis and microvascular occlusions (1, 3, 4) . The severity of the clinical manifestations is regarded to be more strongly related to the thermal amplitude of the antibody than to the titre of the cold agglutinins (6) . Moreover, the characteristics of low titer CAD reported previously were thermal amplitude at a higher temperature than in high-titer cold agglutinin disease, with a good response to steroid therapy (11) . To date, only one case of severe AIHA with cold agglutinins associated with sclerodermic features has been described (12) , in which case, CAD, autoimmune hemolytic anemia was considered to be secondarily caused by increasing disease activity of SSc. Considering that hemolysis is induced by cold agglutinins in vascular lumina, severe Raynaud's phenomenon with SSc induced by a cold atmosphere seemed here to exacerbate the peripheral problems.
In most CAD patients, supportive care, such as cold avoidance, is sufficient to prevent the exacerbation of CAD (13) . Therapy, therefore, is aimed at those patients with an underlying disease or for those with an exacerbation who are symptomatic from life-threatening, severe anemia. Corticosteroids remain the most effective long-term treatment for many patients with CAD (13) . This is especially true in CAD patients with a low cold agglutinin titer, associated with Mycoplasma pneumoniae infection, hematologic malignancies, and collagen diseases (11) . The anemia in the present case appeared to be caused by a rare pathogenesis, low-titer cold agglutinins, and was alleviated with the oral administration of prednisolone, with hemoglobin increased to the normal range.
In conclusion, this case demonstrated that hematological abnormalities are sometimes significantly related to the pathogenesis of epiphenomena associated with rheumatic disease.
